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SOXJIORZ DORQJ WKH FHQWUDO SRUWLRQ RI WKH JODFLHU DOORZLQJ LFH WKHUH WR DFFHOHUDWH 'XULQJ D
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VHH7DEOHIRU
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FRQWUDVW RU ZLWK OLJKW FORXG FRYHU +HLG DQG .llE E DQG LWV HDVH RI XVH &26,&RUU
SURGXFHVDQLQWLWLDOHVWLPDWHRIWKHGLVSODFHPHQWRIIHDWXUHVEHWZHHQVHTXHQWLDOLPDJHVE\XVHRI
WKH )RXULHU 6KLIW 7KHRUHPZKLFK VWDWHV WKH GLVSODFHPHQW LV IRXQG LQ WKH SKDVH SRUWLRQ RI WKH
QRUPDOL]HG FURVV SRZHU VSHFWUXP FRPSXWHG IURP WKH )RXULHU WUDQVIRUP RI HDFK LPDJH
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SL[HO FDOOHG UHIHUHQFH DQG VHDUFKZLQGRZV FRUUHVSRQGLQJ WR WKH WHPSRUDOO\ ILUVW DQG VHFRQG
LPDJHVUHVSHFWLYHO\DUHPDWFKHGWRRQHDQRWKHUDQGDGLVSODFHPHQWPHDVXUHPHQWSURGXFHGZLWK
SL[HO DFFXUDF\$ UHZHLJKWHG OHDVW VTXDUHVSKDVHPLQLPL]DWLRQDOJRULWKP LV WKHQDSSOLHG WR
GHWHUPLQH WKH ILQDO GLVSODFHPHQW 7KLV DOJRULWKPPLQLPL]HV WKH SKDVH GLIIHUHQFH EHWZHHQ WKH
LQLWLDOGLVSODFHPHQWHVWLPDWHDQGDQLGHDOWKHRUHWLFDORQHWKXVSURGXFLQJVXESL[HODFFXUDF\7KLV
SURFHVV LV UHSHDWHG LQ D JULGOLNH SDWWHUQ DFURVV WKH HQWLUH LPDJH SURGXFLQJ LQGLYLGXDO
GLVSODFHPHQWPHDVXUHPHQWV DW SUHGHILQHG LQWHUYDOV 7KH GLVSODFHPHQWPHDVXUHPHQWV YHFWRUV
SURGXFHG E\ &26,&RUU DUH SRVWSURFHVVHG XVLQJ D QHLJKERUKRRG DQDO\VLV URXWLQH WR UHPRYH
HUURQHRXV YHFWRUV $Q\ YHFWRU WKDW LV PRUH WKDQ  VWDQGDUG GHYLDWLRQV DZD\ IURP WKHPHDQ
PDJQLWXGHRUGLUHFWLRQRILWVORFDOQHLJKERUKRRGFRQVLVWLQJRIDWOHDVWQLQHDGMDFHQWYHFWRUVLV
GHHPHG DQ DQRPDO\ DQG UHPRYHG $IWHUZDUGV WKH YHFWRU ILHOG LV YLVXDOO\ LQVSHFWHG DQG DQ\
UHPDLQLQJ DQRPDOLHV DUH PDQXDOO\ UHPRYHG 7KH LQGLYLGXDO YHFWRUV DUH LQWHUSRODWHG XVLQJ D
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*ODFLHULQZKLFKWKHSXOVHVDUHWUDFNHGWKHDEODWLRQ]RQHEHORZWKH*UHDW*RUJHOLHVQHDUWKH
FHQWHU RI WKH /DQGVDW LPDJHV ZKHUH WKH GDWD YRLGV GR QRW H[LVW 7KHUHIRUHPRUH DGYDQFHG
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7DEOH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DQRWKHU DV SUHFLVHO\ DV HDFK LQGLYLGXDO LPDJH LV DOLJQHG WR WKH JURXQG FRQWURO SRLQWV XVHG WR







PRUHSUHFLVHO\ WRRQHDQRWKHU WKDQ HDFK LQGLYLGXDO LPDJHZDVRULJLQDOO\ DOLJQHG WR LWV JURXQG
FRQWUROSRLQWVXSRQUHFHLSWIURPWKH86*HRORJLFDO6XUYH\FRPSDUHWKHDYHUDJHUHVLGXDOHUURU
RI  SL[HOV WR WKH DYHUDJH JHRORFDWLRQ HUURU RI  SL[HOV8VLQJ WKH URRW VXPRI VTXDUHV
PHWKRGZHHVWLPDWHWKHFRPELQHGHUURULQWKHYHORFLW\ILHOGVUHVXOWLQJIURPWKHPHDQUHVLGXDO







*UHDW*RUJHDQG LQ WKHDFFXPXODWLRQDUHDGXH WRVQRZFRYHUDQGD ODFNRIVXUIDFHIHDWXUHV WR















LQFUHDVHG YHORFLWLHV GXULQJ WKHVH IRXU\HDU WLPH VSDQV )URP  WR  )LJ  WKH
F\FOLFDOSDWWHUQKDVFRQWLQXHGZLWKDJUDGXDO LQFUHDVH LQYHORFLW\ IURPURXJKO\P\U LQ
)LJDWR!P\ULQ)LJFEHWZHHQWKHDQGNPPDUNV%\
)LJGYHORFLW\UHDFKHGDSHDNZLWKFKDUDFWHULVWLFYDOXHVRIP\UEHWZHHQWKH
DQGNPPDUNV LQGLFDWLQJ WKH LFHKDVPRUH WKDQGRXEOHG LWV VSHHGFRPSDUHG WR WKUHH \HDUV
HDUOLHU $IWHUZDUGV WKH LFH GHFHOHUDWHV WR LWV SUHSXOVH YHORFLW\ E\  )LJ J $ ILIWK
SXOVH LVHYLGHQW LQ)LJXUHZKLFKVKRZVDQDFFHOHUDWLRQRI WKH LFHIURP)LJD WR






7R KHOS LOOXVWUDWH WKH HYROXWLRQ RI WKH SXOVHV WKURXJK WLPH WKH YHORFLW\ DW WZR SRLQWV
DORQJ WKH JODFLHUNPDQGNP DUHSORWWHG LQ)LJXUH7KLV JUDSK FOHDUO\ LOOXVWUDWHV WKH
SHULRGLFQDWXUHRIWKHSXOVHVDQGKLJKOLJKWVWKHILYHLQGLYLGXDOSHDNV,WVKRXOGEHQRWHGWKDWIRU




DW WKHNPPDUNDQGP\U DLQFUHDVH LQYHORFLW\DW WKHNPPDUNIRU WKH
  DQG  SHDNV 7KH DPSOLWXGHV RI WKH  DQG  SXOVHV DUH QRW DV JUHDW
EHFDXVH WKHLU UHVSHFWLYH YHORFLW\ ILHOGVZHUH SURGXFHG XVLQJ LPDJH SDLUV VSDQQLQJ IRXU \HDUV
WKXVWKHSHDNYHORFLW\YDOXHVDUHDYHUDJHGZLWKVXUURXQGLQJ\HDUVUHVXOWLQJLQORZHUDPSOLWXGHV
%DVHG RQ WKH RFFXUUHQFH RI WKH SHDNV DV GHVFULEHG KHUH WKH SXOVHV RI 5XWK *ODFLHU KDYH D
FKDUDFWHULVWLFSHULRGRIDSSUR[LPDWHO\\HDUV
7RIXUWKHUDLGLQDQDO\]LQJWKHSXOVHVORQJLWXGLQDOSURILOHVRIYHORFLW\DFFHOHUDWLRQDQG












DFFHOHUDWHV LQ YDU\LQJ DPRXQWV VLPXOWDQHRXVO\ WKHUH LV QR HYLGHQFH RI D ZDYH IURQW





SXOVH WKHUH DUH QRWLFHDEOH LQIOHFWLRQV LQ YHORFLW\ DQG DFFHOHUDWLRQ DQG QRWLFHDEOH SHDNV RU
WURXJKVLQVWUDLQUDWHQHDUWKHWUDQVLWLRQVEHWZHHQJUDQLWLFDQGVHGLPHQWDU\EHGURFNDWNP
NP DQG  NP$JDLQ LW LV HYLGHQW WKDW WKH HQWLUH VWUHWFK RI LFH EHWZHHQ  DQG  NP KDV




)LJ E ZKLOH WKH UHVW RI WKH LFH XSJODFLHU GHFHOHUDWHG %RWK RI WKHVH DFFHOHUDWLRQ HYHQWV
RFFXUUHG RQH \HDU DIWHU DQG GRZQJODFLHU RI WKH SHDN SXOVH HYHQWV LQ  DQG  ZKLFK



















Glacier motion by till deformation 
7KH ORFDWLRQRI VXUJLQJ JODFLHUV LQ6YDOEDUG LV SRVLWLYHO\ FRUUHODWHGZLWK DUHDVRI ILQH
JUDLQHGVHGLPHQWDU\EHGURFNZKLFKDUHHDVLO\HURGHG-LVNRRWDQGRWKHUVZKLOHLQ1:
1RUWK$PHULFDVXUJLQJJODFLHUVDUHRIWHQIRXQGLQIDXOWVKDWWHUHGYDOOH\V3RVW*ODFLHUV
DWRS WKHVH DUHDV DUH PRUH OLNHO\ WR GHYHORS D VRIW EHG WKDQ ZKHQ DWRS LQWDFW FU\VWDOOLQH
PHWDPRUSKLFRULJQHRXVEHGURFN6HGLPHQWDU\EHGURFNZLOOSURGXFHDILQHJUDLQHGWLOOWKDWZLOO
KDYH D ORZSHUPHDELOLW\ZKLFKPD\EHPRUHSURQH WR LQVWDELOLWLHV 0XUUD\DQG3RUWHU 
,QVWDELOLW\ ZLWKLQ D WLOO PD\ GHYHORS GXH WR GHFUHDVHG HIIHFWLYH SUHVVXUH YLD LQFUHDVHG EDVDO
ZDWHU LQSXW $V ORQJ DV WKH GLVFKDUJH RI ZDWHU DW WKH JODFLHU EHG LV VPDOO VWHDG\VWDWH ZDWHU
SUHVVXUHZLOODSSUR[LPDWHLFHRYHUEXUGHQSUHVVXUHDQGWKHZDWHUZLOOIORZE\'DUFLDQWUDQVSRUW






FDQ QR ORQJHU VXSSRUW VKHDU VWUHVV DQG LW GHIRUPV DOORZLQJ WKH JODFLHU WR DFFHOHUDWH 7KH
LQFUHDVHG LFHPRWLRQPD\RFFXU DV VOLS DW WKH LFHWLOO LQWHUIDFH LQZKLFK VKHDU VWUDLQ LQ WKH WLOO
RFFXUV LQ WKHXSSHUPRVW OD\HURI VHGLPHQW6KHDU VWUDLQPD\DOVRRFFXUZLWKLQ WKH WLOO DORQJD
SODQH RI ZHDNQHVV RU LW PD\ EH GLVWULEXWHG WKURXJKRXW WKH WLOO E\ WKH SURFHVV RI GLODWDQW
KDUGHQLQJ :KHQ D WLOO GLODWHV SRUH YROXPH LQFUHDVHV DOORZLQJ ZDWHU WR IORZ WRZDUGV WKH
RSHQLQJSRUHVLQWKHGLODWLQJVHGLPHQW,IWKHUDWHRIGLODWLRQLVJUHDWHUWKDQWKHUDWHRISRUHZDWHU
IORZ WKHQ ZDWHU SUHVVXUH ZLOO GHFUHDVH LQ WKH GLODWHG VHGLPHQW DQG LW ZLOO KDUGHQ 5H\QROGV
:KHQ WKH VKHDU EDQG KDUGHQV WKH VWUDLQ LV IRFXVHG HOVHZKHUHZLWKLQ WKH WLOO WKXV WKH
VWUDLQLVGLVWULEXWHGIURPRQHSODQHRIZHDNQHVVWRWKHQH[W
7UXIIHU DQG RWKHUV  VXJJHVW VXUJHV FRXOG EH WULJJHUHG E\ZLGHVSUHDG GLODWLRQ RI
EDVDO WLOO DV VKHDUVWUHVVHVH[FHHGDFULWLFDOYDOXHDORQJZLWKDWWDLQPHQWRIDJODFLHUJHRPHWU\
WKDWSURGXFHV ODUJHEDVDO VKHDUVWUHVVHV)DLOHG WLOOV DUHFRQFHQWUDWHGXQGHU WKLFNHU LFHVXFKDV
DORQJWKHJODFLHUFHQWHUOLQHZKHUHGULYLQJVWUHVV LVJUHDWHVWDQGPD\H[FHHGWLOO\LHOGVWUHQJWK
1RODQ  ZKHQ LQYHVWLJDWLQJ WKH EHKDYLRU RI %ODFN 5DSLG *ODFLHU SURSRVHG WKH LGHD RI
ZDYHVRIWLOOIDLOXUHDFWLYDWLRQZDYHVWKDWSURSDJDWHXQGHUQHDWKDJODFLHUDVIROORZV)DLOHG




FUHDWHV D ZDYH RI WLOO IDLOXUH DQG VXEVHTXHQW LFH PRWLRQ WKDW SURSDJDWHV GRZQJODFLHU YLD D
SRVLWLYHIHHGEDFNORRSE\FRQWLQXRXVO\SODFLQJLQFUHDVHGVWUHVVRQWKHGRZQJODFLHUWLOO$VWKH












PDMRU VXUJH FDQ RFFXU LI WKH EDVDO URXJKQHVV LV VPDOO EHFDXVH WKHUH LV OLWWOH UHVWULFWLRQ WR LFH
IORZ)RZOHUDQGRWKHUVDOVRVXJJHVWWKDWLIDJODFLHULVWHPSHUDWHDQGUHVLGHVDWRSDWKLQ
WLOO WKHLFHPD\DFWLYDWHLH WKHWLOOIDLOVEHQHDWKLWEHIRUHDQ\VLJQLILFDQW LFHPRWLRQEHFDXVH
WKHDFWLYDWLRQZDYHVDUHIDVWHUWKDQWKHLFHPRWLRQVRWKHLFHVOXPSVIRUZDUGUDSLGO\PRYLQJDV
D EORFN RU SOXJ7KHUHIRUH WKHUH LV QR VXUJH IURQW WKDWZRXOG RWKHUZLVH VHSDUDWH IDVWPRYLQJ
VXUJLQJ LFH DQG VORZPRYLQJ TXLHVFHQW LFH 3OXJ IORZ KDV EHHQ REVHUYHG RQ %ODFN 5DSLGV
*ODFLHU +DUULVRQ DQG 3RVW  DQG 7UDSULGJH *ODFLHU )UDSSp DQG &ODUNH  ERWK RI
ZKLFKKDYHVXUJHGDWRSDWLOO2QFHDVXUJHKDVEHHQLQLWLDWHGE\WLOOIDLOXUHOHVVVWUHVVLVUHTXLUHG
WRNHHSWKHWLOOLQDIDLOHGVWDWHDOORZLQJWKHVXUJHWRFRQWLQXH7KLVRFFXUVEHFDXVHGUDJDWWKH
JODFLHU EDVH LQFUHDVHV ORQJLWXGLQDO VKHDU VWUHVV WKDWPLJKW FDXVH D WLOO WR IDLO HYHQZKHQZDWHU
SUHVVXUHV DUH OHVV WKDQ WKH FULWLFDO &RXORPE WKUHVKROG %RXOWRQ DQG RWKHUV  7KH
DFFHOHUDWHG LFH PRWLRQ ZLOO FHDVH ZKHQ WKH LFH FDQ QR ORQJHU EH VKRYHG IRUZDUG E\ GULYLQJ




DFFHOHUDWHG LFH PRWLRQ ZLOO FHDVH LI GUDLQDJH RI ZDWHU IURP WKH WLOO RFFXUV UHGXFLQJ ZDWHU
SUHVVXUH DQG DOORZLQJ WKH WLOO WR KHDO +RZHYHU D WLOO ZLWK ORZ SHUPHDELOLW\ PD\ QRW GUDLQ
FRPSOHWHO\WKXVWKHWLOOPD\QRWIXOO\KHDODQGLWLVOHIWSULPHGIRUDQRWKHUSXOVHHSLVRGHZKHQ
HQRXJK ZDWHU LV LQWURGXFHG DJDLQ 1RODQ  $ WKLQ WLOO ZKLFK KDV OHVVHU ZDWHU VWRUDJH
FDSDFLW\WKDQDWKLFNWLOOZLOOUHILOOTXLFNO\DQGVXUSDVVLWV&RXORPEIDLOXUHWKUHVKROGVRRQHUWKDQ
DWKLFNWLOOZRXOGUHVXOWLQJLQPRUHIUHTXHQWSXOVHV
Basal conditions beneath Ruth Glacier 
.QRZLQJ WKDW WKH VHGLPHQWDU\ EHGURFN EHQHDWK 5XWK *ODFLHU LV KLJKO\ IUDFWXUHG DQG
HDVLO\HURGHGDQGWKHIDFWWKDW5XWK*ODFLHUH[KLELWVDG\QDPLFEHKDYLRUVLPLODUWRRWKHUJODFLHUV




WKLV DUHD WKDWZDV WUDQVSRUWHG IURP DERYHEXWZKLFK LV VSDWLDOO\ VSDUVH DQG GRHVQRWSURPRWH
ZLGHVSUHDG LQFUHDVHG LFHPRWLRQYLD WLOO GLODWLRQDQGGHIRUPDWLRQ7KH IDFW WKDW WKH LFH LQ WKLV
DUHD O\LQJ DWRS WKH JUDQLWLF EHGURFN KDV DFFHOHUDWHG GXULQJ WKH SXOVHV DOWKRXJK WR D OHVVHU










D ZDYH IURQW LV LQ FRQWUDVW WR REVHUYDWLRQV RI W\SLFDO $ODVNDVW\OH VXUJLQJ JODFLHUV ZKHUHLQ D
VXUJHIURQWVHSDUDWHVTXLHVFHQWLFHIURPVXUJLQJLFHDVQRWHGRQ9DULHJDWHG*ODFLHU.DPEDQG
RWKHUV  DQG %HULQJ *ODFLHU 5RXVK DQG RWKHUV  7XUULQ DQG RWKHUV  7KH
G\QDPLF RVFLOODWLQJ SXOVLQJ EHKDYLRU RI 5XWK *ODFLHU VXJJHVWV WKH WLOO LV WKLQ ZLWK D ORZ
SHUPHDELOLW\)RZOHUDQGRWKHUV
Distinguishing pulses from surges 
 $ODVNDVW\OHVXUJHVDUHFRQWUROOHGE\WKHPRUSKRORJLFDOHYROXWLRQRI WKHEDVDOGUDLQDJH











EDVH LV SHUHQQLDOO\ ZDUP $V QRWHG DERYH 7UDSULGJH*ODFLHU H[SHULHQFHG ILYH ORZDPSOLWXGH
SXOVHV GXULQJ D SURORQJHG VXUJH )UDSSp DQG&ODUNH  DQG%ODFN5DSLGV*ODFLHU DOVR D





VXUJH LQ WKH WUDGLWLRQDOVHQVHVRSXOVLQJPD\DOVRRFFXURQJODFLHUVRWKHU WKDQVXUJHW\SH WKDW
KDYHWKHUHTXLVLWHZDUPEDVHDQGWLOODQGDGHTXDWHVKHDUVWUHVVDQGEDVDOZDWHUSUHVVXUHWRGLODWH
WKHWLOO
Implications for decadal-scale velocity measurements 
$VPHQWLRQHG DERYH +HLG DQG.llE D QRWHG 5XWK *ODFLHU DFFHOHUDWHG EHWZHHQ
DQG7KLVSHUFHLYHGDFFHOHUDWLRQLVDUHVXOWRIWKH\HDUVFKRVHQIRUXVHLQWKHLU
YHORFLW\GHWHUPLQDWLRQV7KHSHULRGIDOOVEHWZHHQSXOVHVZKLOHWKHSHULRGLVDW
WKH SHDN RI D SXOVH )LJ  WKXV WKHUH LV D SHUFHLYHG DFFHOHUDWLRQ RI !P\U GXULQJ WKLV
SHULRG,IRQHKDGLQVWHDGFKRVHQLPDJHVDFTXLUHGLQDQGDQGSHUIRUPHGWKH
VDPHDQDO\VLVWKHUHVXOWZRXOGEHDGHFHOHUDWLRQRI!P\UWKHRSSRVLWHRIZKDW+HLGDQG
.llE D UHSRUWHG ,Q HLWKHU FDVH WKH SXOVHVZKLFK RFFXUUHG GXULQJ WKH LQWHUYDO EHWZHHQ








 )URP WRDVSDQRI\HDUV5XWK*ODFLHUH[SHULHQFHGILYHSXOVHV WKDWKDYH
JRQH XQQRWLFHG XQWLO QRZ 7KHVH SXOVHV DUH RI ORZ DPSOLWXGH FRPSDUHG WR W\SLFDO VXUJHV RI











VXJJHVWLYH RI D SHUHQQLDO WHPSHUDWH EDVH )RZOHU DQG RWKHUV  7KH RVFLOODWLQJ G\QDPLF
EHKDYLRU LV WKHRUL]HG WREHGXH WRD WKLQ WLOOZLWK ORZSHUPHDELOLW\ WKDW LV MXVWDERYHD FULWLFDO
YDOXH)RZOHUDQGRWKHUV7KHEDVDOURXJKQHVVLVWKHRUL]HGWREHJUHDWHQRXJKWRUHVWULFW
LFH IORZDQGSUHYHQW WKHRFFXUUHQFHRIPDMRU VXUJHV7KHVH ILQGLQJV LOOXVWUDWH WKH LQIOXHQFHRI









$KQ< DQG ,+RZDW  (IILFLHQW DXWRPDWHG JODFLHU VXUIDFH YHORFLW\PHDVXUHPHQW IURP
UHSHDW LPDJHV XVLQJ 0XOWL,PDJH0XOWLFKLS DQG QXOO H[FOXVLRQ IHDWXUH WUDFNLQJ IEEE 
Transactions on Geoscience and Remote Sensing


%ODNH (:*.&&ODUNH0&*pULQ  7RROV IRU H[DPLQLQJ VXEJODFLDO EHG GHIRUPDWLRQ
Journal of Glaciology
%RXOWRQ *6 'REELH .( =DWVHSLQ 6  6HGLPHQW GHIRUPDWLRQ EHQHDWK JODFLHUV DQG LWV
FRXSOLQJWRWKHVXEJODFLDOV\VWHPQuaternary International,
%XUJHVV (: 55 )RUVWHU &) /DUVHQ  )ORZ YHORFLWLHV RI $ODVNDQ JODFLHUV 1DWXUH
&RPPXQLFDWLRQVGRLQFRPPV
&VHMWH\ %-U 0:0XOOHQ '3 &R[ *' 6WULFNHU  *HRORJ\ DQG JHRFKURQRORJ\ RI WKH
+HDO\ TXDGUDQJOH VRXWKFHQWUDO $ODVND 86 *HRORJLFDO 6XUYH\ 0LVFHOODQHRXV
,QYHVWLJDWLRQV6HULHV0DSSVKHHWVVFDOH
)LWFK $- $ .DG\URY:- &KULVWPDV DQG - .LWWOHU  2ULHQWDWLRQ FRUUHODWLRQ %ULWLVK
0DFKLQH9LVLRQ&RQIHUHQFH
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Image date Sensor 
Spatial resolution 
(meters) 
24 Sept. 1973 MSS 1 60 
27 July 1974 MSS 1 60 
23 Sept. 1975 MSS 2 60 
7 July 1976 MSS 2 60 
1 July 1977 MSS 2 60 
2 Aug. 1978 MSS 2 60 
22 July 1980 MSS 2 60 
4 Aug. 1981 MSS 2 60 
3 July 1982 MSS 3 60 
18 Aug. 1983 MSS 4 60 
28 Aug. 1984 MSS 5 60 
16 Sept. 1985 MSS 5 60 
16 Sept. 1985 TM 5 30 
17 July 1986 TM 5 30 
21 Aug. 1987 TM 5 30 
29 June 1991 TM 5 30 
26 Aug. 1992 TM 4 30 
9 Sept. 1994 TM 5 30 
8 June 1995 TM 5 30 
19 June 1999 TM 5 30 
16 Aug. 2000 ETM+ 7 30 
2 July 2001 ETM+ 7 30 
21 July 2002 ETM+ 7 30 
9 Aug. 2003 ETM+ 7 30 
10 July 2004 ETM+ 7 30 
14 Aug. 2005 ETM+ 7 30 
10 Sept. 2006 TM 5 30 
28 Aug. 2007 TM 5 30 
5 July 2008 ETM+ 7 30 
8 July 2009 ETM+ 7 30 
20 Aug. 2010 TM 5 30 
6 July 2011 TM 5 30 
18 Oct. 2011 ETM+ 7 30 































24 Sept. 1973, 27 July 1974 MSS 0.50 ± 0.21 36.8 ± 15.4 0.26 ± 0.14 19.4 ± 10.4 0.386, 1973 
27 July 1974, 23 Sept. 1975 MSS 0.44 ± 0.15 23.1 ± 8.1 0.20 ± 0.12 10.9 ± 6.4 0.396, 1974 
23 Sept. 1975, 7 July 1976 MSS 0.41 ± 0.61 14.7 ± 21.7 0.35 ± 0.59 12.5 ± 20.9 0.397, 1975 
7 July 1976, 1 July 1977 MSS 0.38 ± 0.10 22.8 ± 6.2 0.14 ± 0.07 8.8 ± 4.7 0.428, 1976 
1 July 1977, 2 Aug. 1978 MSS 0.33 ± 0.13 18.5 ± 7.3 0.16 ± 0.07 9.0 ± 4.2 0.391, 1977 
2 Aug. 1978, 22 July 1980 MSS 0.50 ± 0.24 30.2 ± 14.6 0.26 ± 0.12 15.8 ± 7.2 0.357, 1978 
22 July 1980, 4 Aug. 1981      MSS 0.50 ± 0.22 30.5 ± 13.2 0.26 ± 0.15 15.7 ± 9.4 0.682, 1980 
2 Aug. 1981, 3 July 1982 MSS 0.87 ± 0.87 28.4 ± 28.5 0.36 ± 0.34 21.5 ± 21.2 0.747, 1981 
3 July 1982, 18 Aug. 1983 MSS 0.42 ± 0.19 23.2 ± 10.4 0.32 ± 0.17 17.4 ± 9.6 0.430, 1982 
18 Aug. 1983, 28 Aug. 1984 MSS 0.26 ± 0.12 15.8 ± 7.3 0.16 ± 0.09 10.1 ± 5.9 0.564, 1983 
28 Aug. 1984, 16 Sept. 1985 MSS 0.35 ± 0.16 21.1 ± 10.0 0.24 ± 0.18 14.6 ± 11.1 
0.496, 1984,  
0.470, 1985 
Average for MSS imagery 0.45 ± 0.15 24.1 ± 6.7 0.25 ± 0.07 14.1 ± 4.2 0.47 ± 0.12 
16 Sept. 1985, 17 July 1986 TM 0.45 ± 0.25 16.5 ± 9.1 0.38 ± 0.24 13.9 ± 8.8 0.228, 1985 
17 July 1986, 21 Aug. 1987 TM 0.44 ± 0.13 12.2 ± 3.7 0.21 ± 0.15 5.7 ± 4.3 0.184, 1986 
21 Aug. 1987, 29 June 1991 TM 0.20 ± 0.14 6.2 ± 4.4 0.16 ± 0.09 5.0 ± 2.8 0.155, 1987 
29 June 1991, 26 Aug. 1992 TM 0.28 ± 0.18 7.8 ± 5.0 0.21 ± 0.13 5.9 ± 3.5 
0.191, 1991,  
0.132, 1992 
9 Sept. 1994, 8 June 1995 TM 0.24 ± 0.16 8.8 ± 6.1 0.19 ± 0.13 7.1 ± 5.0 0.143, 1994 
8 June 1995, 19 June 1999 TM 0.21 ± 0.09 6.5 ± 2.8 0.13 ± 0.03 4.0 ± 1.1 0.154, 1995 
19 June 1999, 16 Aug. 2000 TM/ETM+ 0.22 ± 0.16 6.0 ± 4.5 0.15 ± 0.13 4.3 ± 3.7 0.155, 1999 
16 Aug. 2000, 2 July 2001 TM 0.20 ± 0.14 7.0 ± 4.9 0.17 ± 0.15 5.8 ± 5.1 0.119, 2000 
2 July 2001, 21 July 2002 TM 0.30 ± 0.09 9.0 ± 2.7 0.06 ± 0.04 1.9 ± 1.2 0.141, 2001 
21 July 2002, 9 Aug. 2003 TM 0.14 ± 0.10 4.0 ± 2.9 0.12 ± 0.11 3.6 ± 3.3 0.187, 2002 
9 Aug. 2003, 10 July 2004 TM 0.13 ± 0.06 3.9 ± 1.8 0.11 ± 0.04 3.3 ± 1.4 0.125, 2003 
10 July 2004, 14 Aug. 2005 TM 0.13 ± 0.07 4.0 ± 2.2 0.10 ± 0.07 3.1 ± 2.1 0.151, 2004 
14 Aug. 2005, 10 Sept. 2006 ETM+/TM 0.26 ± 0.19 7.2 ± 5.3 0.24 ± 0.14 6.6 ± 3.9 0.121, 2005 
10 Sept. 2006, 28 Aug. 2007 TM 0.17 ± 0.16 5.3 ± 5.0 0.15 ± 0.12 4.6 ± 3.6 0.165, 2006 
28 Aug. 2007, 5 July 2008 TM/ETM+ 0.18 ± 0.08 6.5 ± 2.8 0.16 ± 0.09 5.7 ± 3.4 0.127, 2007 
5 July 2008, 8 July 2009 TM 0.16 ± 0.07 4.8 ± 2.1 0.06 ± 0.03 2.0 ± 0.9 0.148, 2008 
8 July 2009, 20 Aug. 2010 ETM+/TM 0.18 ± 0.06 5.6 ± 1.9 0.09 ± 0.04 2.7 ± 1.4 0.139, 2009 
20 Aug. 2010, 6 July 2011 TM 0.18 ± 0.13 5.6 ± 4.1 0.11 ± 0.11 3.5 ± 3.4 
0.092, 2010,  
0.225, 2011 
18 Oct. 2011, 20 Oct. 2012 ETM+ 0.21 ± 0.14 6.3 ± 4.3 0.18 ± 0.14 5.5 ± 4.4 
0.243, 2011, 
0.290, 2012 
Average for TM/ETM+ imagery 0.22 ± 0.09 7.0 ± 3.0 0.15 ± 0.07 4.9 ± 2.6 0.16 ± 0.04 
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